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The frontier π molecular orbitals of Nc have contributions from Ni(3dxz), Ni(3dyz) and C(2pz) atomic orbitals. The calculations are performed for a tip-molecule distance of 4.9Å as measured from the tip apex atom to the topmost molecular C. For energies that are accessible with the STM, the transmission is controlled by two eigenchannels that are themselves the contributions of Lorentzian-like functions as can be seen following the transmission curves of the first and second channels. These Lorentzian-like functions energetically match the projected density of states corresponding to the two π molecular orbitals of Nc. For electron energies below −0.8 eV, the transmission involves d-electron channels of the Ni adatom. Table 3 . Inelastic conductances of NiNc.
Step amplitudes extracted from the dI/dV spectrum of six NiNc complexes using the fit shown in Supplementary Fig. 3 .
Supplementary Note 1. Kondo scattering of nickelocene
In a previous study, we functionalized the copper apex of a tip with a single nickelocene molecule [Nc-tip here after, Supplementary Fig. 2(a) ] [4] . We showed that the spin excitation spectrum of nickelocene is nearly identical to that of nickelocene adsorbed on a Cu(100) surface. Supplementary Fig. 2(b) presents a set of dI/dV spectra acquired with a Nc-tip positioned at various distances z from the Cu(100) surface -the distances are determined through current-versus-z curves (not shown). The distance z = 0 corresponds to a nickelocene in contact with the Cu(100) surface. The inelastic thresholds remain constant with z, indicating that the magnetic anisotropy D is constant with the distance. An enhancement of the differential conductance at voltages corresponding to the excitation threshold is however observed, which is increasingly pronounced as the contact point is approached (z > −0.5Å). This cusp is attributed to electron scattering involving Kondo-like phenomena [5, 6] .
To model the Kondo effect we use the dynamical scattering model of Ref. 1 and estimate the dimensionless coupling constant J ρ describing the strength of the Kondo exchange interaction, J , between the localized spin and the electron density ρ of the substrate near the Fermi level [7] . The simulations are presented as red lines in Supplementary  Fig. 2(b) , while Supplementary Fig. 2(c) presents the values of J ρ. The agreement with the experimental spectra is highly satisfactory demonstrating that the cusp is governed by the hybridization of nickelocene with the surface. In particular, the value of J ρ found for NiNc in the main text agrees with the values reported in Supplementary  Fig. 2(c) for nickelocene. To fit the full spectrum ( Supplementary Fig. 3 ), we use a constant elastic contribution σ 0 , a vibrational step of amplitude σ 2 accounted for following Ref. 8 . The two spin excitations of amplitudes σ 1 and σ 3 are accounted for using again Ref. 1; we use the same fitting parameters for the two spin excitations, except for their amplitudes σ 1 and σ 3 . For simplicity, we set U = 0 thereby neglecting the weak asymmetry of the line shape, without loss of generality. The fit to the data is presented in Supplementary Fig. 3 and is highly satisfactory. The energy onsets of these steps (noted ϵ 1 , ϵ 2 and ϵ 3 ) are related by |ϵ 3 | = |ϵ 1 | + |ϵ 2 | as shown in Supplementary Tab. 2. The amplitudes show some dependency on the NiNc complexes investigated, but their relative ratios obey σ 3 /σ 0 ≈ (σ 2 /σ 0 )(σ 1 /σ 0 ) (Supplementary Tab. 3).
Supplementary Note 2. Multi-component fit

